Background: Malnutrition occurs frequently in the elderly and is associated with increased morbidity and mortality. The mininutritional assessment (MNA) has been used most frequently in the geriatric literature. The nutritional risk screening 2002 (NRS) has been proposed as universal screening method for hospitalized patients. The aim of our study was to compare both tools as they are correlated with protein malnutrition. Methods: MNA, NRS, and markers of protein malnutrition were measured in 104 consecutive inpatients admitted to an acute geriatric ward. Results: The median age was 84 years (IQR: 78-89), 81 were females. The median body mass index was 23.1 kg/m 2 (IQR: 20-27.3), the median upper-arm and calf circumferences were 25 cm (IQR: 23-29) and 33 cm (IQR: 29-36). According to MNA, 23 patients were malnourished, 50 at risk of malnutrition, and 31 had a normal nutritional status. The NRS indicated that 35 were at moderate to severe risk of malnutrition and 69 at low risk. Serum prealbumin and retinol-binding protein concentrations were inversely associated with the severity of malnutrition as indicated by the NRS (P ¼ 0.06 and o0.01, respectively), whereas the MNA was not associated with these serum proteins. After adjustment for C-reactive protein and creatinine clearance, only retinol-binding protein concentrations were consistently associated with both malnutrition scores. Conclusions: The NRS seems to be superior compared with the MNA and serum proteins in identifying elderly patients at risk of malnutrition during acute intercurrent illness.
Introduction
Malnutrition is a frequent condition in the elderly and is associated with increased morbidity, mortality, hospitalizations and a lower quality of life (McWhirter and Pennington, 1994; Sullivan, 1995; Flodin et al., 2000) . Especially among hospitalized or institutionalized elderly persons, malnutrition affects a considerable part up to 40% and even worsens during hospitalization (Norman et al., 2008) . Several screening and assessment tools have been proposed, including anthropometric and biochemical parameters.
The mini-nutritional assessment (MNA) is the most established nutritional screening tool for older adults developed in 1994 (Guigoz et al., 1994; Guigoz, 2006) . Its screening part consists of six items, whereas further assessment of the nutritional status is based on 12 additional items, including dietary history and anthropometric measurements. It was shown to predict mortality (Persson et al., 2002) and the functional status in geriatric patients (Ö dlund Olin et al., 2005; Cereda et al., 2008) . However, administering the MNA is quite time consuming and not applicable for a considerable number of patients when history is not available because of dementia or other problems of communication (Bauer et al., 2005) .
The nutritional risk screening 2002 (NRS) has been described by Kondrup et al. (2003b) . It has been proposed as universal screening tool for malnutrition in hospitalized patients by assessing body mass index (BMI), weight loss, appetite and severity of disease. It allows a more rapid and simple identification of patients requiring nutritional support and reflects especially the severity of acute comorbidities. In contrast to the MNA, the NRS is applicable in nearly all patients and takes much less time to perform (Bauer et al., 2005; Kyle et al., 2006) ; in addition, it is better validated with outcome data in various patient populations (Kondrup et al., 2003b; Sorensen et al., 2008) . However, the NRS was not specifically developed for geriatric patients. The European Society of Parenteral and Enteral Nutrition recommends the use of MNA for the non-hospitalized elderly and the NRS for hospitalized patients (Kondrup et al., 2003a) . The MNA and NRS have not been compared in their ability to predict markers of protein malnutrition, that is serum levels of visceral proteins.
A number of serum proteins have been described to be related to malnutrition with inconsistent results (Corti et al., 1994; Mühlethaler et al., 1995; Omran and Morley, 2000a, b; Sergi et al., 2006) . Many of them are influenced by factors other than nutrition, especially inflammation, and are, therefore, not specific for malnutrition (Devoto et al., 2006) . The aim of our study was to compare two scores for malnutrition (MNA and NRS) in their ability to predict the degree of protein malnutrition, especially the serum concentrations of visceral proteins, that is albumin, prealbumin, and retinol-binding protein. As acute inflammatory diseases and renal dysfunction may influence serum protein levels, we also analysed the predictive potency of the two tools in patients without and with inflammatory diseases and dependent on glomerular filtration rate (GFR).
Materials and methods
We performed a single centre cross-sectional study in a sample of 104 consecutive acute geriatric patients enrolled during a 5-month study period (August 2007 -December 2007 . The study was performed at the Acute Geriatric ward of the University of Basel Hospital, Switzerland. Admitted patients (average age: 84 years) were considered to have a high degree of frailty and active multiple pathologies, requiring a holistic geriatric approach. The project was approved by the local ethics committee.
After receiving informed consent from each patient, blood samples were obtained within 24 h after admission for determination of serum albumin, prealbumin, retinol-binding protein, blood lymphocytes, creatinine and C-reactive protein. Proteins were measured on a Beckman-Coulter nephelometry system (Beckman-Coulter, Brea, USA) using antibodies against transthyretin, albumin (Beckman-Coulter) and retinol-binding protein (Dako, Glostrup, Denmark) . The GFR was estimated with the Cockroft-Gault formula (Cockroft and Gault, 1976) .
Calf and upper-arm circumferences as parameters of muscle mass were measured and MNA and NRS were assessed within the first 3 days after admission.
The MNA covers 18 items including anthropometric assessment (BMI, calf and upper-arm circumference), general assessment (medication, acute illness, psychological problems and mobility), nutritional assessment (fluid intake, number of daily meals and composition of food intake) as well as self-assessment of the nutrition and health status. The maximal score is 30, a score from 17 to 23.5 indicates a patient 'at risk of malnutrition', a patient with a score o17 has to be classified as 'malnourished'.
The NRS consists of five items, of which one is the age of the patient (470 years), one the BMI, one the appetite of the patient, one is accidental weight loss, and one is the consideration of the severity of acute illness of the patient. The maximal score is 7. A score of 0 indicates patients without risk for malnutrition, a score of 1-2 indicates low and a score of 3-7 moderate to severe risk of malnutrition.
The mini-mental state was evaluated to assess cognitive function (Folstein et al., 1975) .
For statistical analyses, categorical data were compared using w 2 tests. For multigroup comparisons of normally distributed data, one-way analysis of variance with least square difference for post hoc comparisons was applied. For skewed data, the Mann-Whitney U-test was used for two groups, and the Kruskal-Wallis one-way analysis of variance test for multiple group comparisons. Correlation analyses were performed using Spearman's rank correlations. A P-value below 0.05 was considered statistically significant. We used multiple linear regression analysis to assess the association of the three protein markers, albumin, prealbumin, and retinol-binding protein, with each the MNA and NRS in separate models. We used the original (that is noncategorized) malnutrition score of each patient as outcome and the protein markers as covariates in the linear regression models. Owing to the susceptibility of these protein markers to inflammation and possibly to renal function, we additionally adjusted the models for CRP and GFR. We graphically checked the assumptions of the linear models by plotting residuals vs covariate values.
Finally, we performed cross-classification analyses of the two scores after categorizing the individual MNA assessments as normal, at risk of malnutrition, malnourished and NRS assessment as low and moderate to severe risk of malnutrition ( Table 2 ). The Spearman's rank correlation was used to test the null hypothesis of independence of the two scores.
Results

Baseline characteristics
Of the 122 consecutive patients included, there were missing data in 18 patients, leaving complete data in 104 patients. The median age of the 104 patients was 84 (IQR: 78-89)
Malnutrition screening in geriatric patients T Drescher et al years, 81 were females. A total of 24 patients lived in nursing homes before admission to the hospital, 5 patients died during hospitalization. The most frequent causes of admission were infectious or inflammatory diseases with predominance of urinary and respiratory tract infections, followed by cardiac and cerebrovascular diseases, falls, malignancies, dementia or depression and others. BMI, upper-arm and calf circumferences and other patient characteristics are shown in Table 1 .
Nutritional assessment scores
According to the MNA, 23 patients (22%) were malnourished, 50 patients (48%) were at risk of malnutrition and 31 (30%) had a normal nutritional state. The NRS showed that 35 patients (34%) were at moderate to severe risk of malnutrition and 69 patients (66%) at low risk (Tables 1 and 2 ). Although both instruments were associated with each other (P ¼ 0.001), they showed substantial discrepancies. 
Serum proteins
Data of serum albumin, prealbumin, retinol-binding protein, blood lymphocytes and C-reactive protein concentrations are listed in Table 1 . The values for the normal range especially of prealbumin and retinol-binding protein vary according to the assay condition. Using a lower reference limit for prealbumin of 160 mg/l (Vellas et al., 2000) , 43 patients had prealbumin concentrations within the normal range; with a lower limit of 200 mg/l (in-house laboratory lower limit; Brugler et al., 2002) ; however, only 15 patients were within the normal range. Using a lower limit for retinol-binding protein of 30 mg/l (Corti et al., 1994) , 86 patients were within the normal range, whereas with a lower limit of 60 mg/l (in-house laboratory, unpublished data), only 11 patients had concentrations within the normal range. Markers of protein malnutrition were similar in the different groups of MNA scores (Figure 1a) . Specifically, the group with the lowest MNA score o17 (n ¼ 23), indicating a poor nutritional state, had a median serum albumin of 30 g/l No significant difference could be found between these groups. Similarly, the lymphocyte count was not different in the three groups of MNA scores ( Figure 1a) . Markers of protein malnutrition prealbumin and retinolbinding protein gradually declined with increasing malnutrition as indicated by the NRS (Figure 1b) . In patients with a high risk of malnutrition (NRS: 3-7; n ¼ 35), median serum albumin was 31 g/l (IQR: 26-33), median prealbumin In the univariate analysis, the association of C-reactive protein and GFR with NRS did not reach significance (P ¼ 0.11 and 0.06, respectively). There was also no association of CRP with MNA (P ¼ 0.9), but a borderline significant association of GFR with MNA (P ¼ 0.06).
Patients with and without inflammatory diseases and renal dysfunction
The subgroup of patients without laboratory evidence of a systemic inflammatory condition (C-reactive protein o10 mg/l (n ¼ 33)) did not differ from the whole patient cohort with respect to demographic and anthropometric parameters. In multivariable for C-reactive protein and GFRadjusted models, retinol-binding protein was highly associated with the NRS (P ¼ 0.002), whereas prealbumin and albumin had no association with the NRS. The same markers showed a different pattern for association with the MNA. Prealbumin was not associated with the MNA, but albumin and retinol-binding protein independently predicted MNA scores (P ¼ 0.03 and 0.04, respectively). The calf circumference was obtained in all 104 patients, 67 were above the threshold of 30.5 cm, 37 patients were below.
With the exception of albumin, which was significantly higher in patients with high calf circumference (P ¼ 0.03), all laboratory parameters were similar in both groups, whereas both MNA and NRS scores were higher in patients with higher compared with lower calf circumference (Po0.0001, P ¼ 0.001, respectively).
Discussion
The main finding of this study performed in newly admitted patients of an academic acute geriatric ward was that, although NRS and MNA were highly associated with each other, the NRS identified more patients with or at risk of malnutrition than did the MNA. We identified the retinolbinding protein as the only serum protein studied with a consistent association with both NRS and MNA scores. We conclude, therefore, that in acutely ill geriatric inpatients, the NRS might be the appropriate tool for identifying most of the patients with or at risk of malnutrition, and, therefore, better reflects malnutrition than MNA scores or the studied serum protein levels.
The use of the MNA has been propagated in geriatric patients (Kondrup et al., 2003a) , and it has been repeatedly used in acute hospitalized geriatric patients and in long-term care (Hudgens and Langkamp-Henken, 2004; Soini et al., 2004) . However, it has further drawbacks, as it is rather time consuming (approximately 20 min in the present inpatient population). In addition and in agreement with an earlier report (Bauer et al., 2005) , it could not be completed in a substantial part of patients because of cognitive impairment and communication problems.
The absence of a correlation between MNA and serum prealbumin was in agreement with one (Langkamp-Henken et al., 2005) , but in contrast to another earlier report (Vellas et al., 2000) . However, this latter study included younger and healthier outpatients than our frail inpatients, which may explain the different findings.
The calf circumference represents an anthropometric parameter of muscle mass; it reflects disability and selfreported physical function (Rolland et al., 2003) and has been correlated with serum albumin concentrations in hospitalized older patients (Bonnefoy et al., 2002) . We found that the calf circumference correlated with both, MNA and NRS, suggesting that the calf circumference represents a valid parameter of malnutrition. This simple parameter-similar to BMI-is probably at least as good as more sophisticated anthropometric or bioelectric measurements in estimating nutritional status (Omran and Morley, 2000a) .
Biochemical markers are an attractive option in assessing the nutritional status because they are easy to be determined and to be standardized in clinical practice. A traditional marker is serum albumin, which, however, is thought to reflect inflammation rather than nutrition (Don and Kaysen, 2004) . In addition, its value is limited by the long half-life (14-20 days), hydration, posture, hepatic and renal impairment, and possibly ageing itself (Omran and Morley, 2000b) . The usage of serum albumin levels in frail elderly even without inflammation has been questioned (Kuzuya et al., 2007) . Nevertheless, it has considerable prognostic impact (Phillips et al., 1989; Ferguson et al., 1993; Corti et al., 1994) .
Prealbumin has a shorter half-life (2-3 days) and is, therefore, assumed to be a more sensitive marker for acute nutritional changes. However, its function in nutritional screening and in predicting mortality is controversial (Ferguson et al., 1993; Brugler et al., 2002; Langkamp-Henken et al., 2005; Devoto et al., 2006; Carriere et al., 2008) . Robinson et al. (2003) found prealbumin to be a significant predictor of malnutrition, whereas serum albumin and retinol-binding protein were not. Retinol-binding protein behaves similarly to prealbumin, but has an even shorter half-life (6-12 h). In our study, prealbumin levels showed a more gradual decline with increasing NRS as compared with serum albumin levels. Similar to serum albumin and retinolbinding protein, prealbumin levels are influenced by systemic inflammatory diseases, limiting their use in acutely ill patients (Lopez-Hellin et al., 2002; Devoto et al., 2006) . This might explain why prealbumin levels in our study declined with increasing NRS scores, which were more influenced by comorbidities compared with the MNA score.
Total lymphocyte count has been proposed as a useful indicator of nutritional state, decreasing with progressive malnutrition and being an indicator of a poor prognosis (Omran and Morley, 2000b) . However, we found no correlation between lymphocyte count and MNA or NRS, in agreement with Kuzuya et al. (2005) .
The cross-classification of MNA and NRS revealed substantial discrepancies in classification of the patients. A similar analysis was performed by Bauer et al. (2005) , who only distinguished between the two categories as normal and malnourished/at risk. They found that in approximately 50% of all observations, MNA and NRS resulted in discrepant classifications. In contrast to our results, the MNA classified a much greater percentage of patients as at risk or malnourished than the NRS did. In our cross-classification, analysed in the same matter, that is using only two categories, only about one-third of all observations showed disagreeing classifications. Moreover, off-diagonal classifications were similarly distributed with both scores. The NRS tends to classify more patients as malnourished or at risk than the MNA. The impact of acute disease on the NRS is certainly the most important factor.
A recent study from Brazil compared the NRS and MNA for predicting clinical outcomes in hospitalized patients (Raslan et al., 2010) . In 169 elderly patients, the MNA classified much more patients as at risk of malnutrition than the NRS did (73 vs 42%, respectively), but the NRS was equal in predicting complications, prolonged hospital stay and death.
The main limitation of our study is the lack of a gold standard for the diagnosis of malnutrition in general. Therefore, we could only compare two assessment scores, with anthropometric and biochemical parameters reflecting different aspects of malnutrition (Covinsky et al., 2002; Soeters et al., 2008) .
In conclusion, in our cohort, the NRS reflected the degree of biochemical protein malnutrition better than the MNA, even in the presence of an acute inflammatory disease. As acute disease is one of the most important risk factors for malnutrition, especially in hospitalized patients, it is a strength of the NRS to strongly weight acute disease. In addition, the NRS was feasible in nearly all patients, whereas the MNA was not applicable in 11% of the patients. On the other hand, the MNA included a scoring of the patient's functional state. Therefore, the two methods have their own advantages and disadvantages, the NRS being superior in identifying hospitalized geriatric patients who are at risk of malnutrition because of acute disease.
